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H[SHULPHQWV ZHUH DOVR FRQGXFWHG WR GHWHUPLQH WKH RSWLPXP
DLUSUHVVXUHFXWWLQJIOXLGIORZUDWHIRUPLQLPXP5DDQGWRRO
IODQNZHDU)LJXUH
)LJXUH&DOLEUDWLRQFXUYHRIFXWWLQJIOXLGGLVFKDUJHWKHYDULDWLRQZLWKDLU
SUHVVXUH
$V GLVFXVVHG DERYH DW ORZ DLU SUHVVXUH LQ 04&) WKH
FXWWLQJ IOXLG PLVW ZDV GRPLQDWHG E\ OLTXLG FXWWLQJ IOXLG
ZKLFK FDQQRW SHQHWUDWH LQWR WKH VHL]XUH ]RQHV RI PDFKLQLQJ
UHJLRQ 6R GRPLQDWHG OLTXLG SKDVH RI WKH FXWWLQJ IOXLG PLVW
PLJKWQRWHIILFLHQWO\WDNHRXWWKHKHDWJHQHUDWHGLQPDFKLQLQJ
UHJLRQ7KXVERWK5DDQGWRROIODQNZHDUZHUHKLJKDWORZDLU
SUHVVXUHV)LJXUH:LWKWKHLQFUHDVHLQDLUSUHVVXUHD ILQH
PLVW IRUPDWLRQ VWDUWV ZKHUHLQ WKH FXWWLQJ IOXLG SDUWLFOHGURS
VL]H JUDGXDOO\ GHFUHDVHV IDFLOLWDWLQJ WKH HDV\ SHQHWUDWLRQ RI
PLVWLQWRWKHPDFKLQLQJ]RQH


)LJXUH7KHHIIHFWRIDLUSUHVVXUHLQPDFKLQLQJZLWK04&)RQDDYHUDJH
VXUIDFHURXJKQHVVDQGEIODQNZHDU
7KLV DWRPL]HG KRPRJHQRXV FXWWLQJ IOXLG PLVW SRVVHVVHV
EHWWHUFRQYHFWLYHKHDWWUDQVIHUFRHIILFLHQWFRPSDUHGWRGU\DLU
DQGEHFDXVHRILWVLPSLQJLQJDWKLJKYHORFLW\LWH[WUDFWVPRUH
DPRXQWRIKHDWIURPPDFKLQLQJUHJLRQE\IRUFHGFRQYHFWLRQ
7KXV EHWWHU KHDW FRQGXFWLRQ DQG FRQYHFWLRQ RFFXU LQ WKH
PDFKLQLQJUHJLRQ+HQFHWKH5D)LJXUHDDVZHOODVIODQN
ZHDU )LJXUHE UHGXFHVJUHDWO\ LQ WKH UHJLRQRI ±
03DRIDLUSUHVVXUH%H\RQG03DDLUFRPHVRXWRIQR]]OH
ZLWKKLJKSUHVVXUHDQGUHVWULFWVWKHFXWWLQJIOXLGFRPLQJRXWRI
LWV H[LW LQ WZLQ KROH QR]]OH 6R GRPLQDWLQJ DLU SRVVHVV ORZ
FRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQW FRPSDUHG WR ILQH FXWWLQJ
IOXLGPLVW6RLWOHDGVWRLQFUHDVHLQ5DDQGIODQNZHDULQWKH
03DUHJLRQ
7KXV LQ WKHSUHVHQWZRUN IRU WKH04&)VWXG\ 03D
 POPLQ LV FKRVHQ DV RSWLPXP YDOXH RI DLU SUHVVXUH WR
FRPSDUH04&)SHUIRUPDQFHDGYDQWDJHRYHU'$&DVZHOODV
)& %DVHG RQ WKH REVHUYDWLRQV RI SUHOLPLQDU\ H[SHULPHQWDO
UHVXOWV DQG PDFKLQH LQSXW UDQJHV WKH FRPPRQ UDQJHV RI
YDULRXV PDFKLQLQJ LQSXW SDUDPHWHUV ZHUH VHOHFWHG XVLQJ
FHQWUDO FRPSRVLWH URWDWDWDEOH GHVLJQ &&5' WHFKQLTXH
7DEOH &RPSOHWH FRPSDUDWLYH H[SHULPHQWV ZHUH FDUULHG
RXW DPRQJ '$& )& DQG04&) FXWWLQJ IOXLG GLVFKDUJH
POPLQ
7DEOH &&5'FRGHG DQG DFWXDO YDOXHVRI LQSXWSDUDPHWHUV IRUPDFKLQLQJ
SURFHVV'HSWKRIFXW PPUDGLDOO\$LUSUHVVXUH 03D&XWWLQJ
IOXLGGLVFKDUJH POPLQ
&&5'&RGH
YDOXHV
&XWWLQJVSHHG
PPLQ
)HHGUDWH
PPUHY
  
  
  
  
  
 5HVXOWVDQG'LVFXVVLRQ
 $YHUDJHIODQNZHDU
,QWKHSUHVHQWZRUNUHVSRQVHVXUIDFHPHWKRGRORJ\560
PHWKRGZDVXVHGWRPRGHOWKHIODQNZHDUHPSLULFDOO\7DNLQJ
WKHQRQOLQHDULW\RIWKHRXWSXWUHVSRQVHVLQWRFRQVLGHUDWLRQD
VHFRQGRUGHU PRGHO ZDV GHYHORSHG &RPSOHWH
H[SHULPHQWDWLRQRQ IODQNZHDUZDVFRQGXFWHG WRHYDOXDWH LWV
JURZWK ZLWK IHHG UDWH DQG FXWWLQJ VSHHG 7KH VHFRQGRUGHU
HPSLULFDOPRGHOHTXDWLRQVZHUHREWDLQHG(T(TDQG
DQDO\VLV RI YDULDQFH 7DEOH  IRU DYHUDJH IODQN ZHDU LV
FDUULHG RXW 5 DQG DGM 5 RI WKH PRGHOV (T (T LV
IRXQGWREHPRUHWKDQ7KLVLPSOLHVWKDWWKHPRGHOVDUH
VLJQLILFDQW
7DEOH$QDO\VLVRIYDULDQFH$129$IRUDYHUDJHIODQNZHDU
 SYDOXH 3HUFHQWDJH
6RXUFH )9DOXH 3URE!) &RQWULEXWLRQ
0RGHO  
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  
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

)LJXUH9DULDWLRQRIIODQNZHDUZLWKDIHHGUDWHDQGEFXWWLQJVSHHGIRU
'$&)&04&)
$V WKH IHHG UDWH LQFUHDVHVPDWHULDO UHPRYDO IRUXQLW WLPH
LQFUHDVHV LQGLFDWLQJ WKDW PRUH PDFKLQHG PDWHULDO FRPH LQ
FRQWDFW DQG UXE WKH IODQN IDFH 6R DEUDGLQJ DUHD ZLWK IODQN
IDFH LQFUHDVHV ZLWK LQFUHDVH LQ IHHG UDWH LUUHVSHFWLYH RI
FRROLQJW\SH)LJXUHD7KHFXWWLQJIOXLGWKDWFDQUHDFKWKH
LQWHULRU UHJLRQVRI WKHPDFKLQLQJFDQRQO\ OXEULFDWH WKH WRRO
ZRUNSLHFH UHJLRQ ,Q 04&) WKH SUREDELOLW\ RI EHWWHU
OXEULFDWLQJ DQG FRROLQJ RI WRROZRUNSLHFH UHJLRQ LV
PDLQWDLQHG6RWKHIODQNZHDULVDQGOHVVFRPSDUHG
WR'$&DQG)&

$V FXWWLQJ VSHHG LQFUHDVHVPRUHKHDW LV GHYHORSHG LQ WKH
WRROZRUNSLHFH UHJLRQ %HFDXVH RI EHWWHU FRROLQJ GXH WR
IRUFHG FRQYHFWLRQ QDWXUH RI 04&) PRVW RI WKH KHDW
JHQHUDWHGLQPDFKLQLQJ]RQHLVFDUULHGDZD\7KXVWRROZHDU
LVOHVVFRPSDUHGWR'$&DQGOHVVFRPSDUHGWR
)& LQ 04&) )LJXUH  6FDQQLQJ HOHFWURQ PLFURJUDSKV
VKRZLQJ WKH WRRO IODQNZHDU WRSRJUDSK\ RI LQ'$& )LJXUH
D )& )LJXUH E DQG 04&) )LJXUH F DUH LQ
DFFRUGDQFHZLWKWKH)LJXUH








)LJXUH&XWWLQJWRROIODQNZHDUWRSRJUDSK\IRUWKUHHW\SHRIFRROLQJ
WHFKQLTXHVD'$&EIORRGFRROLQJDQGF04&)
 $YHUDJHVXUIDFHURXJKQHVV5D
(PSLULFDO PRGHOV RI 5D IRU '$& )& DQG 04&) ZHUH
REWDLQHG DV VKRZQ LQ (T(T 7KH $129$ IRU 5D LV
FDUULHG RXW 5 DQG DGM 5 RI WKH PRGHOV (T (T LV
IRXQGWREHPRUHWKDQ7KLVLPSOLHVWKDWWKHPRGHOVDUH
VLJQLILFDQW
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'$&)&DQG04&)FRQGLWLRQV1RUPDOO\FXWWLQJVSHHGDQG
IHHGUDWHSOD\DQLPSRUWDQWUROHRQ5D>@6XUIDFHURXJKQHVV
LV SULPDULO\ WKH IHHG PDUNV OHIW E\ WKH WRRO WLS RQ WKH
ZRUNSLHFH VXUIDFH$V WKH IHHG UDWH LQFUHDVHV WKH IHHGPDUN
VL]H LQFUHDVHV VR WKH 5D LQFUHDVHV LUUHVSHFWLYH RI W\SH RI
FRROLQJWHFKQLTXH
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+LJKHU IHHG UDWH FDXVHV LQFUHDVHG WKUXVW IRUFHV 'XH WR
SRRUFRROLQJDQGOXEULFDWLRQLQ'$&WKHDX[LOLDU\IODQNZHDU
LVPD[LPXP6RZRUNSLHFH5DREWDLQHGLVKLJK,Q)&OLTXLG
FXWWLQJIOXLGZLWKORZSUHVVXUHFDQQRWSHQHWUDWHLQWRFKLSWRRO
LQWHUIDFH DUHD 7KH SUHVVXUL]HG 04&) MHW LV FDSDEOH RI
FUHDWLQJ D K\GUDXOLF ZHGJH EHWZHHQ WKH WRRO DQG WKH
ZRUNSLHFH WR SHQHWUDWH LQWR WKH LQWHUIDFH GHHSO\ 6R04&)
QRW RQO\ SURYLGHV DGHTXDWH FRROLQJ DW WKH WRROZRUNSLHFH
LQWHUIDFHEXWDOVRSURYLGHVDQHIIHFWLYHIOXVKLQJRIFKLSVIURP
WKHFXWWLQJUHJLRQ6R04&)FDQORZHUWKH5DE\ZLWK
UHVSHFW WR '$& DQG  ZLWK UHVSHFW WR )& UHVSHFWLYHO\
)LJXUHD
6LQFH5DLVGLUHFWO\SURSRUWLRQDOWRIHHGUDWHWKHYDULDWLRQ
RI5DZLWKFXWWLQJVSHHGZHUHSORWWHGZLWKPLQLPXPIHHGUDWH
7KH 5D KDV D WHQGHQF\ WR GHFUHDVH ZLWK LQFUHDVH LQ FXWWLQJ
VSHHG EXW DW KLJKHU VSHHGV LW ULVHV VOLJKWO\ LUUHVSHFWLYH RI
FXWWLQJ IOXLG DSSOLFDWLRQ WHFKQLTXH GXH WR KLJKHU WRRO ZHDU
)LJXUHE


)LJXUH(IIHFWRIDIHHGUDWHDQGEFXWWLQJVSHHGRQDYHUDJHVXUIDFH
URXJKQHVVLQ'$&)&DVZHOODV04&)
,Q'$&WKHDLUKDVOLPLWHGFRROLQJDELOLW\VRPLQLPDO5D$W
ORZ IHHG UDWH DQG FXWWLQJ VSHHGV ZKHUH WHPSHUDWXUH
JHQHUDWLRQ LV ORZ )& WHFKQLTXH FXWWLQJ IOXLG LV DSSOLHG
FRQYHQWLRQDOO\ LQWR WKH PDFKLQLQJ ]RQH FDQ FRQWURO WRRO
WHPSHUDWXUHV%XWDWKLJKVSHHGVZKHUHWHPSHUDWXUHLVDERXW
& FXWWLQJ IOXLG VWDUWV HYDSRUDWLQJ 7KLV OHDGV WR
IRUPDWLRQ RI D SUHVVXUL]HG YDSRU ]RQH WKDW HIIHFWLYHO\
SUHYHQWV WKH IORZ RI LQFRPLQJ ORZSUHVVXUH FXWWLQJ IOXLG WR
UHDFK WKHFXWWHUHGJH7KXV)&FDQQRWFRRODQG OXEULFDWH WKH
LQWHULRU UHJLRQV RI PDFKLQLQJ ]RQH SURSHUO\ EXW LW SURYLGHV
ORZHU 5D FRPSDUHG WR '$& ,Q04&) SUHVVXUL]HG FXWWLQJ
IOXLGPLVW MHW LPSLQJHG LQWR WKHPDFKLQLQJ ]RQH FDQ FUHDWH
04&) ZHGJH EHWZHHQ WKH WRROFKLS LQWHUIDFHV IRUFLQJ WKH
FKLS WREHQGXSZDUGVJLYLQJ LW DFXUO7KHFXWWLQJ IOXLGPLVW
ZHGJH FUHDWHG DW WKH WRROFKLS LQWHUIDFH UHGXFHV WRROFKLS
FRQWDFW OHQJWK DQG DOVR ORZHUV WKH FRHIILFLHQW RI IULFWLRQ
7KXV 04&) DSSHDUHG WR EH HIIHFWLYH LQ UHGXFLQJ 5D E\
DQGZLWK'$&DQG)&UHVSHFWLYHO\)LJXUHE
 &KLSWKLFNQHVVW
,Q PDFKLQLQJ PD[LPXP KHDW LV JHQHUDWHG DW FKLSWRRO
LQWHUIDFHGXHWRVHFRQGDU\GHIRUPDWLRQZKLFKLQIOXHQFHVWKH
FKLSIRUPDWLRQDQGWRROZHDU&KLSWKLFNQHVVPDLQO\GHSHQGV
RQ IHHG UDWH FXWWLQJ VSHHG DQG WKH W\SH RI FXWWLQJ IOXLG
DSSOLFDWLRQ
7DNLQJ LQWR FRQVLGHUDWLRQ WKH QRQOLQHDULW\ RI WKH FKLS
WKLFNQHVV ZLWK LQSXW SDUDPHWHUV VHFRQGRUGHU HPSLULFDO
PRGHOV IRU '$& )& DQG 04&) ZHUH REWDLQHG (T
(T7KH$129$IRUDYHUDJHVXUIDFHURXJKQHVVLVFDUULHG
RXW5DQGDGM5RIWKHPRGHOV(T(TLVIRXQGWREH
PRUHWKDQ7KLVLPSOLHVWKDWWKHPRGHOVDUHVLJQLILFDQW

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)LJXUH9DULDWLRQRIFKLSWKLFNQHVVZLWKDIHHGUDWHDQGEFXWWLQJVSHHG
IRU'$&)&DVZHOODV04&)
$V WKH IHHG UDWH LQFUHDVHV WKH FKLS WKLFNQHVV LQFUHDVHV
LUUHVSHFWLYHRI WKH W\SHRIFRROLQJPHWKRG )LJXUHD%XW
WKHUHLVVOLJKWYDULDWLRQLQFKLSWKLFNQHVVIRUGLIIHUHQWFXWWLQJ
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IOXLG DSSOLFDWLRQ WHFKQLTXHV ,Q '$& WKH FRROLQJ DQG
OXEULFDWLRQ LV SRRU VR VWLFNLQJZHOGLQJRI WRSPRVW OD\HUVRI
WRRO VXUIDFH EXLOW XS HGJH LVPRUH VR WKH FKLS WKLFNQHVV LV
PRUH ,Q)&FXWWLQJ IOXLGFDQQRWHQWHU LQWR LQWHULRU]RQHVRI
PDFKLQLQJ UHJLRQ GXH WR SUHVVXUL]HG YDSRXU ]RQH WKDW
HIIHFWLYHO\SUHYHQWVWKHLQIORZRIORZSUHVVXUHFXWWLQJIOXLGWR
UHDFK WKH FXWWHU HGJH 6R WKH SDUWLDOO\ WKH DGKHVLRQ RI WRS
OD\HUV RI WRRO VXUIDFH RFFXUV UHGXFLQJ WKH FKLS WKLFNQHVV
VOLJKWO\ZLWKUHVSHFWWR'$&%XW04&)MHWFDQSHQHWUDWHLQ
WKLV SUHVVXUL]HG YDSRXU ]RQH DQG HIIHFWLYHO\ FRRO DV ZHOO DV
OXEULFDWHWKHUHJLRQNHHSLQJWKHFKLSWKLFNQHVVUHODWLYHO\ORZ
)LJXUHD

 

)LJXUH7RSRJUDSK\RIWRROUDNHVXUIDFHDIWHUPDFKLQLQJGXHWRFKLSIORZ
D6WLFNLQJUHJLRQEVOLGLQJUHJLRQDQGFXQVKHDUHGWRROVXUIDFHUHJLRQ
&KLS WKLFNQHVV GHFUHDVHV DV WKH FXWWLQJ VSHHG LQFUHDVHV
LUUHVSHFWLYH RI FXWWLQJ IOXLG DSSOLFDWLRQ WHFKQLTXH  $W ORZ
FXWWLQJ VSHHGV WKH FKLS FXUO UDGLXV LV ORZ VR WKH FKLS WRRO
FRQWDFW OHQJWK LV PRUH 'XH WR KLJK WHPSHUDWXUH LQ VKHDU
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